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(57)Abstract: 

PROBLEM TO BE SOLVED: To shorten a wavelength 
while high light emitting efficiency and the optical 
characteristic of a light absorbing coefficient are 
maintained in an optical semiconductor device having 
quantum well structure using a nitride III-V compound 
semiconductor. 

SOLUTION: In LED having quantum well structure using 
a nitride III-V compound semiconductor, a barrier layer 
and a quantum well layer contain Al as an AIGaN 
multiplex quantum well layer 5 and the Al composition of 
the barrier layer is made to be larger than that of the 
quantum well layer. Thus, the operation efficiency of an 
optical semiconductor element using nitride III-V 
compound in a short wavelength, light emitting efficiency 
in the case of LED. for example, can be improved. 
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li!t<^*<2%feUil 5%m. mf5ltM®i:H!rie#FJI 
<0¥%A 1 «^**7 %UUi. flffie#Faoff$*<4 nm 

[00011 

[00021 

^#rmt L. I n G a N t L < «G a N i±fci>mM. 
iii:-rSfi^#Ffl|jt«:MB LT#7t. 
[0 0 031 COia^^JitiO. *«j4 0 0nmi:lt 

m^yt}&^(^\ ^^y^ :t~ H ( L E D ) , r 

-rJ^-fTT-H (LD) tfi^^ixXttL. 
[00 04] l9ffiLED-^Lbt:tJV^r. 3(i^W^»ig 

as: 1 '^2^mw^tm^\,m< Lti o , <mmmh 

[0 0 0 51 tfz. BineLED^LDttSV^T, 

-iO:;^#V^Al GaNiia (Jpn. J. Appl. Phys. . 35 
(1996) L74) ^GaN/'A 1 GaNSfST^fit (Appl. 
Phys. Lett., 72 (1998) 211) **<s6ffl$ix-C#/i. §4> 
t::, aj|IA«, A 1 Sr^tf%3fe« (3fe^«j?gtt®) Sr^t 
■r-l>LEDtc:<};-:>T. t3£3f50GaN/A 1 GaNg^# 
Fffiit Sr^^feSi: -rs L E D j: 0 t>S^*^b3&^ilT3b 
SCfcSrTTcLJt (Phys. Stat. Sol. (a) 176. 45 (199 
9)) . 

[00061 



10 0 0 71 mmo(Dm^. s^tifeM^Ffiuttcfew 

C 0 0 0 8 1 EI6Ji. J:t^«!*<7)M$-iiH^ 
mT$> S . ( a ) {i^HB^lCtJ it tXV'5!5&m:6«/h$ V % 

[00091 5e^:»-^fg^^l:^w^vgftg£0^v^M 
m^kmizii^ ^m^^zimLxy<y\^^-r •yrx^-./p 

Li>-L^i>'h. Aimm^im^-tX^^y\^^-r'yy°3:. 

<-rS i: . MIBA 1 G a N^at^iJC^T 

Sil!ja**<5-5 3t. *>t:, linBGaN/Al GaNSIS^ 

MMti<±t < , m^mzx ^xm^m^^-iy k^-v -y 

[00101 ±fz. zti^x-mim^uuT^m^ii. n 
^x'h^M\'^^Mmmx'mitmtbii>tixts*) . oaN 

O^'nV HSSfBeai«-Cfc-S 3 e O nm J: O tJSl^^:^ 

■t^nt^zx*). Ga.Nt:'tt^\>^mm-mmxiy. m 

[00111 mmhixx^t:^ a5:JI^#F«JtT 

4^#F®*iGaN-*5>I nGaNl-iOm^ilS 
KSJii:»^#Fil<7)J&^^<0lltCigafCM 
Jios;5i*«:*:t < . 06 (b) iz^-rX5iz. l^xv'^ 
m^±^<. exv'fl#5&«ia:*rrs. 
[00121 :zcr)fzih. m=f-tlEll(n^iSLm.<r>±.T:f3 

[00131 :^%mi. mT&<^m.m^mm-hfzib\,z^j: 

SSf*$-fflv^^i^#F<iatS:*^^5t^«!Siatc*5V^ 

[ 0 0 1 4 1 *5iBj<7)M<7)Be^{±. ^-fkigjiii-v 
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mmt UT. s.=F^wm<^m^^izA i t:imL. o 
^0, mmmb&^n'Fmtf^^izA i mm^m 

•ttt:»b. BSSiOA lffl«^^< LTt. Jt^^#F« 

[0016] ^tc. mmmbm.^^wm<^A i mcon 

^ 1 5%&T. »^#FJiOA 1 iffljRi&2%JJLh 
fcf S (*l=^#FS**2%W±«0A 1 ^-^tf ) 4^#F 

S«<0tS^5gR<omv%*«0. 5%«T4:^:0. *^#F 
S+tC^^tt, ?^J«$<xS ex^m*^ 1 MV/cm 

[0017] ^:o/ii^>, iai;tJf 2 nmg^O»^^#FJl 
^J^jRLyt*^. 06 (a) fcr^rTiatc. h'xVlglSL 

i^i}^^^?>mtmt:^'ti>yt¥^immi>zti\.^x. mm. 

mk^^m<r>A 1 ffljS<^3&«2%JJLbl 5%lilrt. mlE 
KS®fcmfl5#FMcW%A liffl^*J7%ljLh. «!ri^ 
FJlOJf[$*«4 nmiaT^OA 1 GaN®|&^flBt^^^ 
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[ 0 0 2 0 ] ZZiZ7f:Lf^^ 2|c%BJOtxy«^ 
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^^ZblimotX'i>^\.\ 
[0021] 

[5|BB«0^<^J^®] lUfeojgJSi 

[0 0 2 2] 01{CfeV^T. lt4ft«fii(Au), 2{4 
amffi (T i ) . 3{4nMS i 4{4nMA 1 G 

a NJi , 5 A 1 G a N#Sa^#F^3fcii ( M QW(M 
ultiQuantum WelDil) , 6«pMA 1 GaN«. Hi 
pmGaNziy^^hm. SJiiEHfii (Ni ) . 9{i:jE 



mfii (Au ) Tht. 

[0023] -t^h-h. :^m(7)mm<Di^EDt:mm- 
hxmb LT{i. mi3{mm± 0.2° mi*i-c (000 
1 ) s i ffiiESrfiiciBrfiiL.Tt^A' V rmm 101 s cm 

- 3 TnM<06 H- S i C^3 ^fflV^:^. 
[0024] Madt«{C{4«§^C0MO VP E (Metal Or 
ganic Vapor Phase Epitaxy) ^SrffllK ^:S£E:^J 3 0 
0 T o r r / ^^^^(^iS^i; LXithV^ ^Jl-Ttf V ^ 
A(TMG). hUxf-;P;!5run?A (TEG) , hU^ 
■f-;Pr;WS::i'>A (TMA) . Ty=t-T (NH3 ) . 

(S iH4 ) . >':7u'<>-^i/x::i;P'7j?':^-.$^'> 
-^(CpzMg) S:<s6fflL, Vi^/Illj^tiiMjl 0 0 

0 ox^^^n^t:. 

10 0 251 mUZ^-tUEDI/ZtiUX. nMSiCS 
:K3±A,«o/i§4 0 0nmOnMAlo. 1 5 Ga 
0.8 5 N^4<?)^:gtC{4TMG. TMA. NH3 . S 

1 H4 A 1 GaN^MS^FfBfeesmS 
tC{±TMG. TMA. TEG. NH3 S-fflt^. jp$4 0 
OnmcOpMAlo. 1 5 Gao . s 5 NS6«0figStC 
{4TMG. TMA. NH3 . CpaMgSrffllv 1 
5nm<7)pmGaNziy^^r 7<?5GaNjK:S(C«T 
MG. NH3 . CP2 MgS:fflV>TV^S. «^#FSP^J- 
T-ifeSAl GaN^M^#F^3tJi5{4. SifflcOi^^ 

2 nm-CA 1 ilfig5% ( 0 . 0 5) <^a^#FJii:. 15 
$5nm-eAlffl^l 5% (0. 1 5 ) COP*^**/?,^ 

#F®<0 A 1 ffifigcolHi 1 0 %m.nx'h *) . »^^#F« 
{i5%OA 1 ^-^tf. fig^jaeti 10 3 OiC-C^b-S.. IE 
«fii(^fii)8. 9b LXN imbAumt:mmL. M. 

usi (^) 2. ibLxmrnscT^mmizT imbAu 

« L T L E D«^S: . 
[0026] 02{4. -hEiOJ:dtcfmL;tLEDc7)M 

A (nm) . ffiJli6(c:f&3t5SJg;i)^-p-Ci>S, 
[0027] E23&>^>BS^*»^:J; o t::. *|IS£<0?g®<7) 
LED-CJ4. ^e-:^at:lJ?;3 4 5nm*J#/?,ii7t. 
C^UiifLiT'ilSfBS^ilTV^^ LD^L E DiO^ 
( 3 6 0 n mlJLh ) ^. gifi^^^^tfc G a N/A 
lGaNiK-C*^#FJ12r^<L/::LED (0iJi.{f. A 
PPl. Phys. Lett. , vol. 73. p. 1 
6 6 8. 1 998) C^^m^lZimLXi>^tmM 

^tim<. ^mB<r>^mimi^*^x$>h, -t^i^-h. m 
•rsLEDfcifci^-c. m\''^mmm>^m.iRmc<o^ 

[0028] mm(mm2 

m 1 izj^Ltimi<mm i b tmmm^^m^x\ s 

^#FS 5 1 %^mco I n ^^Jp t^c t <r ^ . 
fBfejft:S*«3 5 0nmi:. l<?5J©-^<03 4 5 
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[00 301 Hl^^fidt:. 6H-S i C3{)>^>:S:0 

(000 1 ) S iffltcffirfiltit^^UTiU^l 01 8 c 
m- 3 -ChhamSicmsLl l±.^Z. m-^ifiSOOn 
mT. A 5%<7)«jK— ^«JS*>j?>^:SnMA 

1 G a Nil 1 2 *<J^^$ixT V %5 . 

[003 1] i/^. nMAl GaNJil 2±lC. 2ffl« 
OA 1 iffifi^cOA 1 GaN;&»/i>5rl) 7 5jf fflcOn^lST 
flIJt ('^f^UTfitl&S) 1 3*^BgSfl.-CV»S, nSS 
tS^^f jtl 3S:«^-t-S#F«OA 1 ffifKJi: 14% {f< 
;l^:J'<7)>»s'>'H^-^.y7^^{i3 4 0nmJilT) . 
<7)A 1 aji!t« 1 8%-CS>i>. ##FJ1. feilX^ltSJi 

[0 0 3 2] nMSt&^^fitl3±{c/Al Ga 

^«fi^#F^;i 1 4 5 SO. If § 2 n mTA 1 
1 0%<7)»^#Fii. fcJ:t^Jl[$3&«2 nm-CA 1 
rnm^ 1 4 %0|tfilA>/i>:3:l, . 
[0033] ^MMFf'^WmM 1 4±t,Z. 2m 

mm'tm 1 5 ^r^jigf &#fjioa 1 14%, 

KMScDA 1 ffl«{±l 8%-Cfc&. ##F®. *J J:i;f# 

FJiov^A 1 mmt 1 e%xhh, 

[0034] S^^. X>mm^=f-Wlkl5U,Zit. GaN 
hSl 6±{CNi*>/^:5rSiEmfiil7. Au*>^>^rSjE 

m^\simm^ixx\^h. 

[0035] ±fz. nMS i Ca:^l 1 0^lC{4. T 
iA>'?>5:Sft«ffil 9. Au*»iS>5r&fimfii2 0*^a 

[ 0 0 3 6 ] i C:-C\ nMS i C»K 1 1 

[0 0 37] 04(4. HfrieOidlCf^LfvrAl GaN 
^ltS^^#FLED(7)«g£S5S-«JE ( J-V) ailg^ 

[0 0 3 8] }UTXm&4Vl,Zi6\^X. f|gS^S2 1 
A/cm2 , miimfi[ffi«&.;tO <Om^J-Stn;22m £2/ 
cm2 3!>^^#^,i^/::. 
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^T. ^^r UTttJ&SOA 1 mOT%M*^7%i:ffi 
< , ^^^*>'4 0 0 nmt^\\^M:<r> I n GaN^L 
"EDtikMLtlii^lh. *IISfiO?E5®OA 1 GaN^a 
i^#FL E DO®m#14l4 I n G a E D fc Jt«e 

[0 04 0] ii/^, ia5<4±iBOLED<7)^3e;:^'^:?b 

fv^m-fmx^hh, 

[0 04 1 ] 5B^ai^-i?**3 4 3nmT»0. Cltti^ 
T'OM-fkil^J L E D O* T'SM^**f^igT'^i . 
[0042] ^^<r>x.:^}V^-J^> Ymifimt:^^'? 

Y)V<n±\:—^t^-,>x. m.imi.Ri>X'itmm^9:X- 

h^^ifit^. I nGaN^OLEDi:jgi^V^i^t^l^t 
^fz. ^c0X d^^i:ni>izii. mTO®~®£0^ 
*^-^rV^4 nmJJlTO#FJi$rfflV'>-g>'. ©^i-fiiO^ttC 

#Fii<W%A 1 m^ifi7%l:Xti:-th . 
[0043] -rsSri?^ . :^mi&<7)mmX'ii. ^-v U Tfil 
*&ilO«iti: LT, KMJii:#F®<7)A 1 m^cr>m^ 2 
%lJJLhl 5%m, Tl^A 1 iffifieS:7%i,:Ui. #FMO 
P$*4nmJaTfc-rSii:fcJ:0, ^^IZAl^-t 

d^m^trmm-t^zbizx*). mmmm-vm^^ 

[ 0 0 4 4 ] sfirts, *^Hj{i, It^lf^co^HtcfemL 

M<Dmmih< * T' 1 oo^^TS. 0 . mi)^^mmm. 
it^tfeLEp3!5^r«. nmmbi.=f-^rm<r>A\ 

ffl^OH** 1 5 %mF^-C-S>.0 , «^^#F»*< 2%lSUiO 

A 1 sr-^t?o*«iffii L\^(r>xh*). ^%m\tz.fi\,zm& 

ED^T«. ^^r UT^^JirftSA 1 GaN@<g^ 
^JiSr«^-rSKta«fc#F«<7)A 1 ifflji£o||*J2%m 
±1 ^S® i:#FilO¥%A 1 ffi^**7%13l 

±. iine#FJiOJP$*<4nmjaTT'(5^1(fJ:V^. 
[0045] 

[||BjoS&S] jJLhlMHJL^^ i 0 iz. ^WRiiZiitV^. 
*^#F^iti: LT. mFf-WFm<r)m^mmi,ZA 1 
fflt, ltS«OA 1 ffl^S:»^#FS<OA 1 fflfigj: 0 1 
±#<i-&c:fctci:'5, M«l[:5t=*JJtSM^t;!Bjiii-v 
;K^L^^fflv^^^3\i¥#f*c«^^OiSf^^, 0iJ;l<f LE 
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i^A 1 «t^7%JaJi. B5i2#FJi<Ol?$3&«4 nmOT 

[0 04 6] ::c7)J;o:3:i?|j||{4, LED^LD^<03fefc 



[03] ( a ) {42[!:^BaoSiJcO|IM^^c^^fi|cA^-r 

^mmt:^^hmm^w.^y^ ^- h ( l e d > 

S-^t-Brffi0. ( b ) 14 ( a ) tc^-rM-fk!K3^*i^ 
jj-- K<^JiiOG a k A 1 <^^tfJifcm-S A 1 iffl 

[04] 03<7)A I GaN^Mfi^#FLED<^m8iE?g 

( j-v) mm^-mrohh, 

[051 03<7)LED<OfBfeXA:^^ WU^S^t-0'C'i5 

[06 ] ( a ) itzi^i^m. ( b ) \imk<r>wMt:mm- 

\—%MM. (Au) , 2-"M®fii (Ti ) . 3-nMS 
iCS^, 4- nMA 1 GaNJii 5-AlGaN#S 
*^F%3fea. 6--PSA1 GaNJi. 7-pMGa 
hm. 8- jE^ (N i ) . 9 ■ jEmS (A 
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